Introduction
After having designed an experiment for routine determinations of urinary biopterin levels in laboratory animals it was the aim of this study to test the hypothesis that concentrations of urinary total biopterin could serve as an indicator of individual stress susceptibility of animals and their adaptation to different stressors.
During the experiments levels of total biopterin and catecholamines in rats' urine were determined. Glucose and insulin values were assayed in plasma. There was a close correlation between the reactions of catecholamines on different stressors like starvation and different housing conditions and the measured biopterin levels in urine. Rats in metabolic cages without food showed a remarkable increase in biopterin values during the first nights of sample collection. Feed, adaptation to feed deprivation and oral glucose solution were able to reduce these values to near that of normal or even lower. As determinations were carried out in a non-invasive system, it was possible to rule out external influences. Further studies mainly with short term determinations of urinary pterins are presently carried out as it was found that increases or decreases of biopterin are often of short duration. Regulation mechanisms via insulin and glucagon and the hypothalamo-pituitary-adrenal axis are presently undergoing investigation.
Material and Methods

Animals
Male SPF Sprague-Dawley rats weighing 100-120 g were housed singly in temperature and humidity controlled quarters with scheduled lighting (7 a. m. : 7 p.m.; light : dark). They were maintained on standard laboratory chow and had free access to water.
During the experiments the animals were offered either food and water ad libitum, water ad libitum or 25 ml of a glucose solution (4.8%). The metabolizable energy intake of the glucose solution was about 10% of normal food intake.
Analytical determinations
Pterins were determined by reverse-phase high performance liquid chromatography and fluorescence detection after purification and iodine oxidation according to the method described by Fukushima and Nixon (1).
To account for physiological variations in urine excretion, we related biopterin concentrations to urinary creatinine concentrations, which were quantified by colorimetric Jaffé determination. Catecholamines were analyzed with a two-column HPLC system with fluorescence detection.
Glucose was assayed by a commercially available test kit (GOD-Perid-method, Böhringer, Mannheim).
Insulin was determined by radioimmunoassay (SB-INSI-5; Isotopendiagnostik CIS GmbH, Dreieich).
Statistical analysis
Values are mean values + SD. Wilcoxon, Mann and Whitney test was performed for statistical comparison of differences in experiments and controls, ρ < 0.05 was considered to be significant.
insulin/1 plasma. When rats were kept in metabolic chambers in the first night plasma glucose levels fell steadily to 4.6 + 0.2 mmol/1 plasma, while insulin levels decreased rapidly and fell to 3 -4 mU after 3 hours.
In rats offered a glucose solution (4.8%) instead of water concentrations of glucose and insulin were 10.4 ± 0.9 mmol glucose/1 and 149 + 38 mU insulin/1 plasma.
Results
Physiological data
Urinary biopterin levels were 2.18 ± 0.57 μπιοΐ/mmol creatinine (n = 36) under normal housing conditions.
Animals kept under normal housing conditions and not otherwise handled or treated showed a circadian rhythm in biopterin values. Levels were higher in the evening, increasing steadily from morning until night and declining steadily until morning within an average range of 1 μπιοΐ/mmol creatinine.
Biopterin under different housing conditions
Rats showed a significant increase of biopterin values in 12 h urine samples up to 300% (p < 0.001) in the first night in metabolic cages when feed was deprived. If samples were collected every two and half hours, sixfold higher elevations could be seen compared to controls.
To find out whether feed deprivation caused this remarkable increase, rats were either fed or adapted to feed deprivation (food was withdrawn for 12 hours over night four days before the experiment started). In both cases biopterin values were significantly lower compared to controls (p < 0.001), but did not reach 100% values.
The same effect was seen by offering glucose solution instead of water. Glucose solution (4.8%) instead of water with or without food in all combinations diminished the elevations and even lowered levels (p < 0.001). Substituting glucose solution by water increased biopterin levels.
Water intake and urinary output did not correlate with biopterin levels. No correlations between early starvation diuresis and the altered biopterin values could be found.
Plasma insulin and glucose levels
Rats adapted to Makrolon cages had a baseline level of 8.8 ± 0.4 mmol glucose/1 plasma and 54 mU ± 21
Courses of urinary catecholamines and biopterin
Epinephrine and norepinephrine concentrations were determined in the urine of rats kept in metabolic cages overnight. Norepinephrine constantly decreased until the fourth day from 93.1 ± 35 nmol/mmol creatinine to 25 + 2 nmol/mmol creatinine. Epinephrine fell from 17 + 5 nmol/mmol creatinine to 1.9 + 0.07 nmol/mmol creatinine. Biopterin levels of the same animals showed a similar course. Correlation coefficients between epinephrine or norepinephrine and biopterin were 0.874 and 0.871 respectively.
Giving glucose solution to prevent the rats from hypoglycemia leads to the effects shown in Figure 1 . Different combinations in application reflect clearly the significant correlation of epinephrine, norepinephrine and biopterin levels (p < 0.01 or ρ < 0.001).
ES days -4 to 8 glucose solution; 9 to 12 water (n=8)
• days 1 to β glucose solution; 9 to 12 water (n = 8)
• days 1 to 12 water (n=8) Figure 1 . Levels of biopterin (B), epinephrine (E) and norepinephrine (NE) of rats in metabolic cages during 12 nights.
Discussion
Immobilisation, starvation or restricted caloric intake has been shown by other authors to lead to higher catecholamine levels. It was shown that opening or moving cages already caused a strong increase in epinephrine and corticosteroids (2) . Our data indicate that biopterin is also affected. Reactions of biopterin in adrenal tissues on hypoglycemia and immobilisation have been described (3) .
If the same stress situation is repeated to the same animal, habituation to the stressor is observed. The answer of the hypothalamo-pituitary-adrenergic axis is weaker and stress parameters increase less. Biopterin, being an essential cofactor for hydroxylases in catecholamine synthesis and therefore being part of stress answer, shows the same phenomenon. Data indicate that different stress situations could be reflected by different biopterin levels. The course of urinary biopterin is strongly correlated with the courses of urinary catecholamines.
As in some experiments food was deprived caloric effects had to be taken into consideration. Nutritional influences and effects of fasting were discussed previously (4). Earlier results suggest that augmentation and suppression of the amounts of biopterin is not associated with changes in isovolemia.
Recovery from hypoglycemia is mainly due to the effects of pancreatic hormones. The role of insulin and glucagon is presently further investigated.
A possible influence of ACTH on biopterin levels was seen from previous experiments with synthetic ACTH.
There was a significant increase in urinary biopterin levels versus controls.
The role of the kidney is still of further interest. Biopterin can be synthesized de novo by kidney cells. 25% of urinary norepinephrine could be derived from kidney.
Oral glucose could reduce the stress factor feed deprivation via satiety. In contrary to parenteral glucose application it increases plasma glucagon levels (5).
Different combinations of offering glucose solution clearly show, that there is always an direct or indirect effect of glucose solution on biopterin levels. Individual courses of urinary biopterin determined in samples of short term periods reflect a high sensibility of this system and should help to solve remaining questions.
